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The benefit of dose painting in the head-and-neck (HN) area is 
currently being investigated in several clinical trials. In these trials, 
dose painting is based on a single imaging modality, 18F-
fluorodeoxyglucose positron emission tomography (FDG-PET). FDG-PET 
identifies aggressive or radiation resistant subvolumes, as it 
represents the cumulative effect of multiple adverse tumor 
characteristics, such as high cell metabolism, proliferation, expression 
of key oncogenes, and hypoxia. Other PET tracers and (functional) 
magnetic resonance imaging (MRI) techniques that visualize the 
complex and heterogeneous biology of the tumor have been 
published.  
The key question is which (combination) of these imaging modalities 
are relevant to guide dose painting in HN cancer and how will we gain 
this knowledge? 
First of all, we need to investigate whether different imaging 
techniques identify the same or different target volumes for dose 
escalation. Secondly, for the imaging techniques reflecting different 
targets, the relation between imaging parameter and required dose 
needs to be defined. To avoid a large amount of trials, multiple 
imaging techniques of interest can be combined in clinical trials. 
Together with extensive follow-up imaging, this will open up the 
possibility to relate tumor areas requiring a higher dose to the 
functional imaging parameters. 
As an example, we investigated in 18 patients with a HN tumor 
whether target volumes defined using FDG-PET or DWI are the same or 
different. Furthermore, the dose coverage of DWI targets in FDG-PET-
based dose painting plans was analyzed. To this end, the FDG-PET 
target for dose painting was determined as the area with a 
standardized uptake value (SUV) above 50% of the maximum SUV in 
the GTV, as is typically done in ongoing trials. For DWI, the relation 
between the apparent diffusion coefficient (ADC) and the required 
dose is not clear yet. While a low ADC value is indicative of tumor 
presence, others reported that a higher ADC within the tumor is 
associated with worse outcome. Therefore, we determined different 
ADC target volumes, with values above and below the mean ADC value 
within the GTV. 
The correspondence between these imaging techniques in the GTV, 
determined on a voxel-level using Spearman’s correlation coefficient, 
varied between positive and negative correlations (ρ ranged from -0.6 
to 0.4). The dose coverage of all ADC-targets was significantly 
reduced compared to the coverage of the FDG-PET-target (Dmean(SUV) 
= 81 Gy, Dmean(ADC) = 75-77Gy; D98%(SUV) = 77 Gy; D98%(ADC) = 70 Gy). 
This could mostly be explained by the partial overlap between the 
volumes. 
In conclusion, different imaging modalities can contain different 
information, resulting in different targets. Further knowledge about 
failure patterns and relations between the required dose and imaging 
parameters need to be obtained by adding such imaging techniques to 
dose painting trials.  
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Choline is an essential part of the cell wall, and substantial amounts 
are required for cellular proliferation. The biodistribution of choline 
can be visualized in vivo by introducing a radioactive label suitable for 
positron emission detection (PET), either 11-Carbon or 18-Fluor. The 
accumulation of radiolabeled choline on PET/CT provides a visual 
representation of cell proliferation. This technique can be applied to 
detect tumour types that proliferate but tend to be FDG-negative, 
such as prostate cancer. Choline PET/CT has some drawbacks that 
need to be considered. It is relatively expensive, it comes with a 
radiation burden, and it can only detect macroscopic tumor lesions. 
Therefore, it is important to properly select patients with a high 
chance of clinical impact. 
Since normal prostate gland tissue tends to accumulate choline for 
physiological purposes, discrimination of a primary tumour within a 
functioning prostate is difficult and may be unreliable. After 
treatment of prostate cancer, either with prostatectomy, external 
beam radiotherapy or brachytherapy, there no longer is functional 
prostate gland tissue in situ and detection of a local recurrence is 
reliable. Therefore, the main application of Choline PET/CT for 
prostate cancer is restaging at the time of PSA relapse. In addition, 
regional lymph node metastases and distant metastases can be 
detected with good accuracy. To further maximise diagnostic yield, 
criteria can be used to select patients with a good chance of visible 
macroscopic tumor, including PSA thresholds and Gleason score. 
The clinical impact of Choline PET/CT for restaging of recurrent 
prostate cancer is twofold. First, in cases where salvage 
prostatectomy or salvage radiotherapy is considered, the detection of 
regional or distant metastatic disease may switch treatment to 
systemic options, and avoid unnecessary aggressive invasive 
procedures with high cost and toxicity. Second, some patients may 
present with oligometastatic disease, where radiotherapy may find a 
new role with SBRT, aiming for high local control and postponing 
hormone treatment with potentially several years. In conclusion, in 
properly selected patients with recurrent prostate cancer, Choline 
PET/CT may guide treatment decisions to improve quality of life. 
Further research may focus on the application of Choline PET for 
radiotherapy planning and dose painting. Once the location of tumor 
tissue is known, e.g. as determined on MR, PET, US or biopsy, the 
local choline influx may be related to the radiation dose required for 
tumor sterilization. However, to allow such an approach, more 
knowledge is needed on the relations of functional imaging 
parameters from various imaging modalities with radiobiological 
tumor characteristics. 
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Electrons should be used in an integrated planning and delivery 
procedures together with photons!   
Electrons do not spill dose behind the target which significantly 
reduces the extra-target dose. Electrons can also deliver superficial 
dose without adding bolus. However, the electron penumbra is not so 
sharp at depth; this is where the modulated photons can help. 
So, what needs to be done?  
The planning systems must be developed to optimize both electrons 
and photons together. The fully computer controlled therapy 
accelerators must be able to deliver both electrons and photons with 
the same MLC. The accelerators must also allow for fast energy 
switching within the same sequence.  
The feasibility of this mixed-beam concept has been shown by several 
authors in the scientific literature. 
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Electron beam radiotherapy has more use in selling high energy 
radiotherapy machines than it has to treat patients. Before intensity-
modulated radiotherapy (IMRT) electron beams were used in about 5% 
of radiotherapy treatments. With the advent IMRT, the role of 
electron beam radiotherapy has greatly diminished for a number of 
reasons. Most importantly, many lower head and neck treatments that 
used both conformal photon beams and electron beams now are only 
using only IMRT photon beams because the plans are both better and 
easier to do. Other examples of treatments that can be done with 
photon IMRT alone are breast radiotherapy with internal mammary 
chain node boost or skin boost. When electron treatments are 
performed the tumor homogeneity is poor and the dose uncertainty is 
very high. Treatments that were once electron-only can now often be 
done better with IMRT. Examples include total scalp treatment and 
even small complex electron fields. Photon beam treatment planning 
accuracy has improved so much that it is not even always necessary to 
apply a bolus to the skin but rather the buildup is obtained by 
tangential fields. Conversely electron beam dose computation has 
more uncertainty than IMRT dosimetry. Likely less than 1% of patients, 
who are treated at centers which are fully IMRT capable, have 
electron beams applied to them and many of these treatments are for 
palliative or non-life threatening treatments like refractory planters 
warts. The cost of multi-energy and multi-modality radiotherapy 
equipment is much more than low energy units even with a full IMRT 
capability. A principle of industrial engineering that seems to be lost 
in radiotherapy is that all equipment in an industry does not have to 
be designed to be applied universally. There should likely be one 
